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Introduction
Sandy beaches are important dynamic coastal systems that border most of the shores worldwide. They are natural interfaces between sea and land, capable of absorbing large quantities of incoming wave and wind energy, despite of their relative fragility as ecosystems (Brown and McLachlan, 1990) . Moreover, the human use of sandy shores is quickly increasing (e.g. construction of engineering structures and recreational facilities) at the expense of the ecological quality of the beach environment (e.g. Weslawski et al., 2000; Lercari and Defeo, 2003; Gheskiere et al., 2005) .
Although apparently devoid of life, sandy beaches support several macrofaunal and meiofaunal populations, some of which are often very abundant. Macrofaunal communities of these systems are dominated by Crustaceans, Molluscs and Polychaetes, especially in the intertidal area, with different relative abundances according to the local exposure to wave action (Dexter, 1983 (Dexter, , 1990 . Insects are common inhabitants of the upper reaches of the shore and the dunes (Brown and McLachlan, 1990) , associated with wrack and algal deposits stranded by tides and/or blown overland by the wind from a terrestrial origin.
Several recent studies have focused on macrofaunal communities of sandy beaches. Studies like those by Dexter (1983 Dexter ( , 1990 , McLachlan and Jaramillo (1995) , Dugan et al. (2003) and Rodil et al. (2006) have analysed community structure, at distinct levels, and in terms of zonation patterns, while the impact of human activities on community composition and structure has been assessed for instance in Lercari and Defeo (2003) , Junoy et al. (2005) and Veloso et al. (2006) . Dexter (1990) has pointed out that macrofaunal community structure is strongly influenced by exposure to wave action, and McLachlan and Jaramillo (1995) noted that general patterns found in sandy beach macrofauna exhibit a negative correlation between species richness, exposure rating and grain size, depending on beach type. Thus, a harsh and dynamic environment, mainly physically controlled, is expected in exposed sandy beaches. Exposed sandy beach communities will therefore have different compositions and distinct structures in comparison to more sheltered conditions, as demonstrated for instance by McLachlan et al. (1993) and Rodil and Lastra (2004) .
In sandy beach ecology, studies on macrofaunal communities are frequently based on snapshot sampling events (e.g. McLachlan, 1990; Defeo et al., 1992; Rodil et al., 2006) . Defeo and Rueda (2002) strongly criticised this approach because this could lead, for instance, to biases on the temporal and spatial abundance patterns observed for each species. Likewise, a fortnight sampling program, with a proper spatial replication across the beach area, appears to be extremely important if, for instance, the influence of seasons on community structure and function are to be assessed. However, this kind of sampling programs are very rare in sandy beach studies, and several parameters of the beach environment oscillate throughout the year (e.g. food supply, namely in the form of detritus subsidies; beach width; occurrence of storms). In exposed conditions, the oscillations on the beach environment may be even more pronounced. Thus, comprehensive and temporally replicated studies on sandy beach macrofaunal communities, covering all the beach area from the low tide watermark to the base of the dunes, are needed.
The objectives of the present study are to analyse the macrofaunal communities of two similarly exposed sandy beaches on the western coast of Portugal and to compare them from a structural point of view, focusing on density, composition, diversity and horizontal distribution between the supralittoral and intertidal areas. The structural analysis of these communities will also allow the identification of potential key species in these environments. Additionally, taking advantage of a fortnight sampling program, over 1.5 years of study, the role of seasonality and of several other environmental parameters, namely detritus subsidies, as community structuring mechanisms is also examined.
Materials and methods

Study sites
Two sandy beaches -Cabedelo and Quiaios -on the western coast of the Iberian Peninsula, located in the central region of Portugal ( Fig. 1) were selected as study sites. The Cabedelo sandy beach (40 07'32 00 N 8 51'49 00 W) is 1 km south of the Mondego river mouth, in the vicinity of its estuarine environment, while Quiaios beach (40 12'21 00 N 8 53'48 00 W) is further north, approximately 8 km north from Cape Mondego. In general Quiaios and Cabedelo are relatively undisturbed beaches, receiving a moderate number of summer visitors. Cabedelo has probably been subjected to increasingly higher human pressure than Quiaios in the past few years, since it is closer to the town of Figueira da Foz, an important tourist centre where sandy beaches are the main attraction. These are exposed beaches, which present relatively similar conditions of exposure to wave action. Tides on the western Portuguese coast are semidiurnal and mesotidal, with a tidal range between 2 and 3.5 m.
During storms, Cabedelo may be almost completely submerged, causing depositions of large amounts of drift wrack, mainly composed of macroalgae from rocky shores located north of the beach and possibly also from the Mondego estuarine system. The input of drift wrack at Quiaios is clearly more limited, since there are no rocky shores or other potential sources of debris nearby. The exposed nature of both beaches meant that no vegetation was found on the supralittoral areas of these study sites. Supplementary characteristics of these two sandy beaches are provided in Table 1 .
Sampling procedures
The sandy beach macrofaunal communities were sampled fortnightly, during low neap tides, from January 1999 to June 2000 at Quiaios (18 months), and from March 1999 to June 2000 (16 months) at Cabedelo. Samples were taken on the supralittoral and intertidal zones. Sampling levels were defined at regular intervals along two transects arranged from the low tide watermark to the base of the dunes. For each transect, ten sampling levels were considered. The mean high water neap tide mark, left by the previous tide, was always used as a reference point to define, on each occasion, the supralittoral and the intertidal zones, preventing seasonal oscillations on the width of these areas throughout the year. For each transect, five sampling levels were sampled on each zone of the beach (supralittoral and intertidal), and the intervals between the levels necessarily adjusted through the year. This sampling procedure was able to account for differential horizontal distribution of the macrofauna during the year. Sampling was performed using a wooden square of 0.25 m 2 and removing the first 20 cm of the sand surface layer, with a small scoop. The sand was sieved through a 1 mm mesh and the animals collected were then separated in the laboratory and preserved in 70% alcohol, after fixation in 4% formalin. Sediment grain size composition was determined from seasonal samples to check for significant differences, and classified according to the Wentworth scale described in Brown and McLachlan (1990) . A set of physico-chemical parameters were measured over the study period to account for possible relationships between the macrofaunal communities and their environment. At the beaches debris quantity (potential food measured in g m À2 ), organic matter in the sediment (AFDW), and sediment moisture content were determined according to the procedures described in Marques et al. (2003) . The meteorological data were obtained from the nearest meteorological stations (Coimbra for temperature and precipitation and Figueira da Foz harbour for the other parameters): precipitation, temperatures, visibility, cloudiness, wave height, wave period, and wind velocity.
Data analysis
All the animals collected (marine, semi-terrestrial and terrestrial) were considered in the study. Density (individuals.m
À2
) was calculated for each site using a proportionally weighted average approach regarding each level of the beach, and analysed through all sampling dates and for each season. Supralittoral and intertidal zones were compared with regard to density, horizontal distribution and species composition. Animals with a frequency of occurrence higher than 10% of the complete period of sampling were considered residents. Diversity trends were also analysed using the number of species as a measure of species richness and ShannonWiener's H 0 as a measure of heterogeneity.
Before developing any kind of statistical analyses, all the variables -faunal and environmental -were previously checked for normality, using the MINITAB 12.2 software package, and transformed whenever necessary. The physicochemical parameters measured at the beaches (debris quantity, organic matter in the sediment and sediment moisture content) and the faunal components were tested for differences using Two-Way ANOVA's with seasons and beaches as main factors. These variables were also tested with Two-Way Nested ANOVA's where, besides the factor seasons, beach zones (supralittoral and intertidal) nested on the beaches were also tested as a factor. In both cases, the significant effects detected were afterwards subjected to post-hoc tests: (1) the Tukey HSD and LSD tests to analyse the individual effects of the factors; (2) Bonferroni tests to analyse the significant interactions between the factors (pair wise comparisons). All these procedures were performed using the SPSS 16.0 software package.
Potential relationships between the density of resident species and environmental parameters were explored using multivariate techniques performed with the statistical software package CAN-OCO 4.0 for windows (ter Braak and Šmilauer, 1998) . Multivariate methods, especially canonical analyses techniques (e.g. Redundancy Analysis and Canonical Correspondence Analysis), are important tools in community ecology because they can assess large-scale relationships between species data (response variables) and environmental factors (explanatory variables). For both data sets, all the biological data were square-root transformed in the analysis and there was no down-weighting of rare species. The environmental parameters tested as explanatory variables in the multivariate analyses were: debris quantity, organic matter of the sediment, sediment moisture content, precipitation, temperature, visibility, cloudiness, wind velocity, wave period and wave height. These variables were previously checked for multicolinearity, before performing the multivariable techniques.
The multivariate analysis technique used was selected following a sequence of procedures. Biological data matrixes were initially subjected to a Detrended Correspondence Analysis (DCA), with detrending by segments, to measure the gradient lengths. This procedure makes it possible to decide whether a linear species response-based or a unimodal species response-based ordination method should be used. In all cases, the gradient length of the first axis obtained was less than 3.0, suggesting that an analysis based on linear species response should be used. The constrained ordination method used, therefore, was Redundancy Analyses (RDA). The forward selection procedure was used with a Monte Carlo Permutation Test (999 permutations) to determine which environmental variables were significant (p < 0.05) and explain the largest amount of variation in each biological data set. The significance of the reduced RDA models finally obtained was also assessed using Monte Carlo Permutation Tests (p < 0.05 after 999 permutations).
Results
Beaches' physical environment
Quiaios beach is considerably wider than Cabedelo, and has a smaller average slope ( Table 1 ). The seasonal variation of sediment grain size composition was not significant (p < 0.05). According to the Wentworth scale described in Brown and McLachlan (1990) , Cabedelo had medium sand grains, while in Quiaios the sediment was coarse (Table 1) . Considering the other parameters in McLachlan's (1980) rating scheme for assessing the degree of exposure in sandy beaches, Quiaios is classified as a very exposed beach (exposure rate: 16) and Cabedelo as exposed (exposure rate: 15). The two beaches can thus be considered relatively similar regarding exposure to wave action.
In autumn and summer, the moisture contents of the sand were significantly distinct and, regarding beach zones, 3 homogeneous subsets were identified (Table 2) . Cabedelo beach had a much higher input of detritus subsidies, in average 4.5 times higher than Quiaios (Fig. 2c ). This variable was significantly distinct between beach zones since, at the supralittoral of Cabedelo, the detritus quantity was higher ( Table 2 ). The organic content of the sand did not reveal significant differences.
Communities structure
On both beaches, the communities' structure was dominated by arthropods. Crustaceans were the most abundant macrofaunal group, followed by insects (Table 3 ). Other groups of arthropods, along with molluscs, annelids and nemerteans, had only residual contributions (<1%), and most of them were quite rare. Amphipods and isopods were the most abundant crustaceans but were differently represented in the two beaches ( Fig. 2a and b) . Amphipod dominance at Cabedelo was very consistent (Fig. 2a) . At Quiaios the community structure was far more changeable, although isopods were generally dominant (Fig. 2b) . Amphipods became dominant in the winter of 1999 and in most autumn months, but in the spring of 2000 the two groups had similar proportions. ANOVA results showed that the beach had significant effects on the densities of amphipods and isopods (Table 2) .
Although highly abundant, crustaceans were found in only 8 species at Cabedelo and 9 at Quiaios. Insects were the most diverse group but most of the species were very rare on samples. According to the ANOVA results, diversity indexes were similar between both beaches. Only a small number of the species were residents -16 species at Cabedelo and 14 species at Quiaios (Table 4) . This included crustaceans (mainly talitrid amphipods and isopods), coleopterans (mainly tenebrionids and scarabids, besides different kinds of larvae) and dipterans larvae. Some differences were observed between the communities regarding resident fauna composition. Species like the mysid Gastrosaccus sanctus and the coleopterans Callicnemis latreillei, Aegiala arenaria and Saprinus sp. occurred only at Cabedelo, whilst the coleopteran Gonioctena olivacea, and the mollusc Cochlicella barbara, residents in Quiaios, were never observed at Cabedelo.
The amphipods Talitrus saltator and Talorchestia brito, and the isopod Tylos europaeus were the most abundant animals found at both communities (Table 3 ; Fig. 3b and c) . At Cabedelo, T. saltator was dominant, followed by T. europaeus and T. brito, while at Quiaios, T. europaeus was the most abundant species, followed by T. brito and, in much smaller numbers, T. saltator. Two-Way ANOVA revealed that T. saltator and T. europaeus presented significantly distinct means between both beaches (Table 2) . Considering the whole communities, total densities were similar between both beaches -the ANOVA results obtained were not significant. Minimum and maximum density was always recorded, respectively, in January (winter) and July (summer) at both beaches (Fig. 3a) . This clearly reflected the patterns of variation of the dominant species: T. saltator at Cabedelo and T. europaeus and T. brito at Quiaios (Fig. 3) . 
Beach zones and seasons
The supralittoral and the intertidal zones of the beaches revealed differences in species composition, especially on the resident fauna (Table 4) . For instance, the isopod Armadillidium album, the coleopterans Callicnemis latreillei and Aegiala arenaria, and the mollusc Cochlicella barbara, were only found in the supralittoral. Resident insect larvae (coleoptera and diptera), and the coleopterans Phaleria acuminata and Psammodius porcicollis exhibited a stronger supralittoral affinity, while the isopod Eurydice naylori was mainly found in the intertidal zone. The amphipod Pontocrates arenarius and the mysid Gastrosaccus sanctus were only observed in the lower intertidal zone. Regarding the three dominant species, Talitrus saltator was the most abundant organism in both the supralittoral and intertidal zones at Cabedelo, Tylos europaeus showed clear supralittoral affinity, and Talorchestia brito attained their highest density in the intertidal zone ( Table 4) .
The results from the Two-Way Nested ANOVA showed that the interaction between seasons and the beach zones had a significant effect on the density of amphipods, isopods and coleopterans (Table  2) . In spring and summer, at the intertidal zone of Cabedelo, amphipods presented significantly higher density means, while in winter densities were significantly higher at the supralittoral zone of Cabedelo (Table 2) . Regarding isopods, significantly higher densities were observed in winter at the supralittoral zone of Quiaios and during summer at the intertidal zone of this beach. Coleopterans presented significantly distinct density means at the supralittoral zone of Cabedelo in autumn and spring (Table 2) .
Seasons and beach zones also presented a significant interaction on the densities of Talitrus saltator and Tylos europaeus, but for Talorchestia brito only the beach zones had a significant effect since the intertidal zone of Quiaios was clearly distinct from the rest of the beach zones (average: 25.6 ind m 2 AE 21.6, highest average density recorded for this species) ( Table 2 ). During winter, at Cabedelo, the densities of T. saltator at the supralittoral were significantly distinct and higher, while in summer this was observed at the intertidal zone. For T. europaeus, densities at the supralittoral zone of Quiaios were significantly distinct during winter from the remaining beach zones (Table 2) . Regarding communities' density at both zones, some interesting seasonal patterns of variation were observed at each study site (Fig. 4) . Density was higher in the intertidal zone by the end of spring and during summer, becoming approximately similar at both zones in early autumn. From the end of this season and during winter, densities show an increase in the supralittoral and decrease in the intertidal zones. Two-Way Nested ANOVA results proved that there was a significant interaction between seasons and beach zones regarding community density, and that this component was significantly distinct between the intertidal and the supralittoral zones of both beaches during summer months (Table 2) , attaining higher values in the intertidal. All these results reflect a variation in the horizontal distribution of abundant macrofaunal species over the year.
The total number of species observed in the intertidal zones was almost twice the number of species collected in the supralittoral (Table 4 ), but only a small proportion of these animals were residents. Actually, 86% of the species found in the intertidal at Cabedelo and 74% at Quiaios, mostly insects, were rare. Also, the supralittoral resident fauna was more diverse than the intertidal one in both beaches ( Table 4 ). The interaction between seasons and beach zones had a significant effect on the number of species (Table  2) . This faunal component presented distinct means in autumn at the intertidal zone of Quiaios (lowest values observed), and in spring at the supralittoral zone of Cabedelo (highest values observed). Also, in winter, the intertidal and supralittoral zones of the beaches were clearly different regarding the number of species, with higher values observed in the supralittoral.
Considering the beach as a whole, densities increase in spring and peak in summer, decrease by autumn, and attain the lowest values in winter (Fig. 3a) , showing a similar pattern at both beaches. The density of Talitrus saltator and Tylos europaeus peaked in summer, but Talorchestia brito presented highest densities during summer and autumn months of 1999, and in spring 2000. The variation of the dominant species density in the supralittoral and intertidal zones of the beaches (not shown for simplification), as well as the periods of maximum and minimum density of the whole communities (Table 4) , and the ANOVA results upon the effects of the interaction between seasons and beach zones on several faunal components, strongly suggest the occurrence of seasonal movements of abundant macrofaunal organisms in both beaches.
Crustaceans, like Armadillidium album, Pontocrates arenarius and Gastrosaccus sanctus, and insects, like Callicnemis latreillei and Aegiala arenaria, were only seasonally present in the beaches. The number of species was higher in spring and attained the lowest values during summer (Fig. 5b) . Shannon-Wiener's H 0 also reached the lowest values in summer in both communities, but the highest values were attained in different seasons -autumn for Cabedelo and spring for Quiaios (Fig. 5a ). However the analyses of variance revealed that diversity indexes were not significantly affected by the factor seasons individually.
Influence of the environmental variables on the communities' structure
Different environmental variables were considered significant regarding the Cabedelo and Quiaios resident communities after forward selection procedures applied to Redundancy Analysis. Only temperature had a significant contribution (p ¼ 0.001) in explaining the variance of the faunal data at Cabedelo. Therefore the first axis is constrained to this variable and the remaining axes unconstrained. The two first RDA axes accounted for 60% of the cumulative variance observed in faunal data. The second axis concerns the residual variance in the data, explained by a hypothetical environmental variable, which, according to the reduced RDA model obtained, has more influence than temperature. The significance of the final RDA, using temperature as the explanatory variable, was also significantly assessed using the Monte Carlo Permutation Test (p ¼ 0.002, F-ratio: 8.80). The corresponding ordination diagram (Fig. 6a) showed that temperature had a strong and positive influence on Tylos europaeus. The crustaceans Pontocrates arenarius, Gastrosaccus sanctus, Eurydice naylori and Armadillidium album, as well as most of the insect larvae responded negatively to temperature, increasing their density from left to right along the first axis. Talitrus saltator and Olisthopus rotundatus were positively influenced by the second ordination axis. The talitrid presented the highest fit. The remaining coleopterans formed an isolated group exhibiting a negative relationship with the second axis. Density variation of Talorchestia brito and Cyclorrhapha larvae was not explained by the ordination diagram. Temperature (p ¼ 0.036) and detritus (p ¼ 0.011) were selected as explanatory variables regarding the Quiaios resident fauna. In this model, the first two axes of the RDA account for only 26% of the cumulative variance observed in the species data (Fig. 6b) . The final RDA using these two explanatory variables was significant (Monte Carlo Permutation Test, p ¼ 0.004, F-ratio: 5.48, for the test of significance of all canonical axes). Temperature had a strong, positive influence on the crustacean Talorchestia brito (Fig. 6b) , and quantity of detritus a negative influence. The other two dominant crustaceans were negatively related to the first ordination axis. Several species were positively related to the quantity of detritus, but the coleopterans Phaleria acuminata and Elateridae larvae presented the strongest fit. The crustacean Armadillidium album, and the coleopterans Psammodius porcicollis, and the unidentified larvae a, formed a distinct group, positively related to the second axis and with quantity of detritus. Variations in density of Gonioctena olivacea and Scarabidae larvae were not explained by the ordination diagram.
Discussion
Regarding exposure to wave action, results demonstrated that both beaches can be considered relatively similar, since they present similar exposure rates. However relevant differences were observed between the sandy beaches in the extension of the intertidal area, sediment grain size, sediment moisture contents and detritus supplies. These characteristics may play important roles in community structuring mechanisms since several differences were observed with regard to community structure and composition between Cabedelo and Quiaios.
Although the communities studied were strongly dominated by crustaceans, insects (especially coleoptera and diptera) represented a much higher contribution than molluscs and polychaetes, and were also the most diverse group. Besides the studies on stranded wrack macrofaunal communities of sandy beaches (e.g. Inglis, 1989; Colombini et al., 2000; Jędrzejczak, 2002; Dugan et al., 2003; Jaramillo et al., 2006) , little relevance is given to insects -the intertidal macrofauna is usually the focus of attention. Most of the allochthonous food resources stranded by tides are however consumed by scavengers (e.g. amphipods, isopods and insects) in the supralittoral. Sampling a transect across the entire beach back to the dunes, allowed a more accurate analysis of the macrofaunal communities and demonstrated that insects have an important place in their structure, especially in the supralittoral zone, where the relative importance of resident insects in the community's composition increases.
The number of resident macrofaunal species in the western coast of Portugal is equivalent to the observed by Rodil and Lastra (2004) , in similar beaches of northern Spain, when only frequently found organisms were considered. Also, total mean densities recorded in the present study are equivalent to the observed values for other sandy beaches with similar conditions (e.g. Rodil and Lastra, 2004; Rodil et al., 2006) . Regarding the abundant speciesTalitrus saltator, Tylos europaeus and Talorchestia brito -the two communities studied did not present a steady structure and the factor beach had significant effects on the density of these species. These animals are the driving forces, at different levels, of the macrofaunal community structure of the sandy beaches on the western coast of Portugal. Talitrids and tylids may well have similar roles in other exposed sandy shores of Europe and even North Africa, where they are known to be frequently abundant. Furthermore, as dominant species that form abundant populations on exposed beaches, these animals constitute key species in these environments and may be used as indicators of environmental quality. However, to do so, their population dynamics, reproductive strategies and productivity must be studied as done by Marques et al. (2003) , and Gonçalves et al. (2003 Gonçalves et al. ( , 2005 . Why is the relative dominance of the three key species so distinct in the Cabedelo and Quiaios communities? The differences observed must be mainly related to the different feeding habits and habitat preferences of the dominant species and the particular conditions observed in each sandy beach. The talitrids Talitrus saltator and Talorchestia brito are sympatric species but have distinct habitat preferences regarding their optimum zone on the beach: T. brito occupies the intertidal zone, taking advantage of the extended intertidal area of Quiaios, while T. saltator prefers the supralittoral area. Also, according to Lagardè re (1966), T. saltator has a preference for finer sands, a condition observed at Cabedelo. The higher moisture content of the sand at Cabedelo beach may also be an advantage for T. saltator -it's easier to avoid desiccating conditions in sands with higher moisture contents. Moreover, although both can be considered scavengers sensu lato, T. brito is more of an herbivore which feeds on the interstitial flora of the sediment (Lagardè re, 1966) , and is therefore less dependent on detritus subsidies. The coarsest nature of Quiaios sands may even be an advantage, promoting the development of a richer and more abundant interstitial flora. Concerning the supralittoral isopod Tylos europaeus, a clear preference for coarse-sand beaches, avoiding fine sediments which hamper their locomotion (Kensley, 1974) , explains the higher population densities recorded in Quiaios. This tylid is an important decomposer of stranded wrack (Kensley, 1974) , but several animals were often observed associated with embryo dunes vegetation at Quiaios, namely Otanthus maritimus (personal observations). This suggests that T. europaeus possibly also feeds on living plants, as an alternative food resource when detritus are limited. However there is also possible competition with T. saltator, especially at Cabedelo, due to a considerable niche overlapping between both species.
Resident macrofaunal composition was similar to other Atlantic and Mediterranean sandy beaches of Europe, especially regarding semi-terrestrial and marine animals (e.g. Lagardè re, 1966; Rodil et al., 2006) . The talitrids and the tylid were abundant throughout the beach, although they are normally reported as abundant species only in the supralittoral (see for instance Lagardè re, 1966; Rodil et al., 2006) . Also, the important differences in resident scavenger insects composition observed (i.e. the coleopterans Saprinus sp., Aegiala arenaria and Callicnemis latreillei, exclusive to Cabedelo), suggest that wrack subsidies can increase insect species richness on exposed beaches, as proposed by Dugan et al. (2003) for exposed beaches in California.
In western Portugal, the macrofaunal species composition in the beach zones reflected the typical patterns observed in sandy beaches worldwide. Nevertheless, the intertidal impoverishment recorded (only crustaceans were resident), although a common feature of exposed beaches (Brown and McLachlan, 1990) , is not frequent in other studies on similar beaches (e.g. Bayed, 2003; Rodil et al., 2006) . The present study revealed that the amphipod Talitrus saltator used both the supralittoral and the intertidal zones of the beach according to seasons. These results contrast with other studies where T. saltator is frequently reported as an exclusive species to the supralittoral (see for instance Rodil et al., 2006) . However, contrarily to the present work, community studies are often based on snapshot sampling events, masking possible seasonal movements of the macrofauna on the beach. Regarding the other two abundant species, results were in accordance with the already mentioned supralittoral preference by Tylos europaeus, and the intertidal preference by Talorchestia. brito.
The interaction between seasons and beach zones presented significant effects on several faunal components, namely on the densities of amphipods, isopods, and the abundant species Talitrus saltator and Tylos europaeus. However, such a type of interaction was not detected for the talitrid Talorchestia brito, although beach zones influenced the density of this animal. These results confirm the occurrence of seasonal differences in the horizontal distribution of T. saltator and of T. europaeus on the beach, but regarding T. brito some doubts may remain. The populations' density increased in the intertidal zones in the warm seasons, while in the supralittoral increases were recorded in the coldest seasons. Previous studies (Gonçalves et al., , 2005 Marques et al., 2003) suggested that the low winter densities observed in the populations of both talitrids and the tylid may be a consequence of a partial movement of these animals to the dunes, or even a displacement in their burrowing depth, as they burrow deeper into the sand. Similar seasonal fluctuations in horizontal distribution have been reported by Lagardè re (1966) for T. brito and T. europaeus in France and by Williams (1995) for T. saltator in United Kingdom. Seasonal movements along the beach may avoid potential situations of desiccative stress and extreme temperatures, by burrowing in the beach zones where sand moisture content and sediment temperature create a more favourable microhabitat, thus enabling these animals to survive in such dynamic and severe environments (Williams, 1995; Tsubokura et al., 1997) . This is also supported by the significant differences observed between seasons and between beach zones on sand moisture content in the present study.
The seasonal patterns of density variation observed in the abundant species are associated with their populations' dynamics (see Marques et al., 2003 for Talitrus saltator, Gonçalves et al., 2003 for Talorchestia brito and Gonçalves et al., 2005 for Tylos europaeus). The differences observed between the dynamics of T. europaeus and T. brito, especially the timing of recruitments and average population densities, were reflected in the seasonal variation in community structure dominance at Quiaios between isopods and amphipods. Seasons also have a clear influence on the bio-ecology of these abundant species demonstrated by: (1) the positive correlations between population density and temperature found in earlier studies on these populations (see Gonçalves et al., 2003 Gonçalves et al., , 2005 Marques et al., 2003) ; (2) the significant relationships observed with multivariate methods in the present study (namely T. brito and T. europaeus). However, several authors also indicate the photoperiod as an important reproduction regulating factor in talitrids (e.g. Williams, 1978) and oniscid isopods like Tylos (e.g. Souty-Grosset et al., 1991) .
Several resident organisms were only seasonally observed on the beaches. The seasonal disappearance of terrestrial insects (e.g. Callicnemis latreillei and Aegiala arenaria) during the extreme seasons (summer and winter), reinforced by the significant ANOVA results observed for coleopterans on the interaction between seasons and beach zones, may be a way of avoiding extreme environmental conditions on the beach, viz. severe storms and extreme temperatures, while for marine crustaceans (e.g. Gastrosaccus sanctus) it may prevent dragging by winter storms. Temporal trends observed in the seasonal analysis of diversity indexes also support seasonal changes in the utilization of the beach by the macrofauna. Furthermore, the negative influence of temperature on the seasonally resident crustaceans Pontocrates arenarius, G. sanctus, Armadillidium album and Eurydice naylori, and on several insect larvae, showed by Redundancy Analysis techniques, also reinforce the relevance of seasons in controlling population densities and beach utilization by several organisms, including the abundant tylid and the talitrids -seasons shape the structure and composition of these communities.
In Cabedelo, many resident organisms were distinctly related to the second ordination axis, which had a higher influence than temperature on species data and produced two assemblages of species. Talitrus saltator and Olisthopus rotundatus were positively influenced by this hypothetical environmental variable, while all the resident scavenger coleopterans were negatively influenced. A combination of the variables detritus quantity and relative moisture content of detritus (fresh weight) appears to be a plausible explanation for these results. All these species are directly or indirectly (in the case of the predator O. rotundatus) associated with wrack deposits on sandy beaches. Several authors (e.g. Inglis, 1989; Colombini et al., 2000; Jędrzejczak, 2002) have demonstrated that wrack-associated macrofauna colonize the debris in a succession, invading it at different times according to their metabolic and trophic needs. Talitrid amphipods are primary colonizers of recently stranded fresh debris (e.g. Colombini et al., 2000; Jaramillo et al., 2006) , and invasion by coleopteran predator species often coincides with amphipod and isopod colonization (e.g. Colombini et al., 2000; Jędrzejczak, 2002) . Furthermore, Jaramillo et al. (2006) reported that the scavenger tenebrionid Phalerisida maculata on Chilean sand beaches was more abundant on old dry wrack deposits. Based on these evidences, the negative influence of the second ordination axis observed on the coleopteran scavengers' assemblage, including, for instance, one tenebrionid, might be related to a preference to consume older and drier debris. Therefore, although debris quantity was assessed (dry weight form), freshness and aging of the debris was not estimated in this study and it might be an important explanatory variable regarding wrackassociated macrofaunal abundances.
Besides temperature, the quantity of detritus was also selected as an explanatory variable at Quiaios, and several scavenger species were positively related to it. Since in this beach the input of debris is more irregular over time and more limited, these may lead to a more obvious and clear reflection in scavenger density and occurrence data at the community level, making the relationship clearer. The two distinct macrofaunal assemblages associated with the first and second ordination axes for this resident community are unclear and difficult to interpret, suggesting that other environmental variables should be tested in the future (e.g. sediment temperature).
Conclusions
On the whole, this study demonstrates that these similarly exposed sandy beaches on the western coast of Portugal present several differences regarding community structure, community composition and relative contribution of the abundant species. The absence of a steady structure is believed to be mainly associated with relevant differences in detritus subsidies and, to a lesser extent, with differences in sand grain size, sediment moisture content and extent of the intertidal area, which lead to distinct ecological responses of the abundant species. These findings agree with the Multicausal Environmental Severity hypothesis proposed by Brazeiro (2001) , since the different species of the studied beaches appear to be controlled by the combined effects of the distinct environmental factors identified. Seasons, both as an isolated factor and when combined with the effects of beach zones, influence relevantly these communities by shaping some abiotic conditions of the sand (moisture content, temperature) and various community and population features differently throughout the year, as the significant relationships with seasons, seasons Â beach zones and temperature demonstrated. Wrack deposits are believed to play an extremely important role in exposed sandy beaches where macrofaunal communities are dominated by supralittoral wrack-associated fauna and, they may overlap with the physical characteristics of the beach, as demonstrated by Dugan et al. (2003) . This work further demonstrates that supralittoral macrofaunal organisms, especially talitrid and tylid crustaceans, play a relevant role in the structure of exposed sandy beach communities and should be considered key elements and potential indicators in future management options for these environments. However, the role of detritus subsidies, and especially the functioning of these macrofaunal communities, should be investigated more deeply in the future.
